Two experiments were conducted to evaluate the effects of adding an exogenous fibrolytic enzyme (FE) on ruminal pH and fermentation, digestibility, and growth performance of feedlot beef cattle fed a finishing diet containing wheat dried distillers grains with solubles (DDGS). In Exp. 1, 4 ruminally cannulated Angus heifers (average BW of 807 ± 93.9 kg) were used in a replicated 4 × 4 Latin square design. Treatments were 1) control (CON; 10% barley silage and 90% barley grain-based concentrate), 2) CON diet substituting 30% wheat DDGS for barley grain (WDG), 3) WDG diet supplemented with low FE (WDGL), and 4) WDG diet supplemented with high FE (WDGH). Heifers fed WDG had less (P = 0.01) total tract DM digestibility than heifers fed CON. Increasing FE linearly (P < 0.05) increased starch digestibility without affecting digestibility of other nutrients. Addition of FE also reduced (P = 0.03) ruminal ammonia-N (NH 3 -N) concentration but did not affect VFA concentration.
INTRODUCTION
Wheat dried distillers grains with solubles (DDGS) is commonly included in cattle diets in western Canada and elsewhere in the world. Recent studies showed that wheat DDGS could be effectively used to replace a portion of barley grain or barley silage in feedlot diets with a minimal reduction in ADG or feed efficiency (Walter et al., 2010; Yang et al., 2012) . However, when cattle were fed diets containing a high level of DDGS to meet energy requirements for high-producing cattle, fiber digestion was often compromised due to low ruminal pH and high ruminal passage rate (Vera et al., 2012) . Additionally, it was reported that ruminal NDF digestion of wheat DDGS declined as dietary DDGS level increased (Li et al., 2011) , suggesting that the ruminal NDF digestibility of DDGS was less than optimal. Therefore, strategies that are able to increase fiber digestibility would improve the nutritive value of wheat DDGS. Fibrolytic enzymes (FE) specifically designed for ruminants contain xylanase and cellulase activities that may enhance fiber digestion in the rumen (Holtshausen et al., 2011) and improve feed efficiency. He et al. (2013) recently found that applying FE increased in vitro DM and NDF degradability of wheat DDGS. However, little is known about in vivo effects of FE on nutrient digestion, metabolism, or growth performance of feedlot beef cattle fed diets containing high level of wheat DDGS. The objectives of this study were to evaluate the effects of adding FE to wheat DDGS diets on ruminal fermentation, total tract digestibility, and growth performance of feedlot cattle. We hypothesized that FE would increase fiber digestibility in the total digestive tract, thus improving growth performance (e.g., feed efficiency) of feedlot cattle fed diets containing wheat DDGS.
MATERIALS AND METHODS
This study was approved by the Animal Care Committee of the Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB, and was conducted according to the guidelines of the Canadian Council on Animal Care (Olfert et al., 1993) .
In Situ and in Vivo Digestion (Experiment 1)
Four Angus heifers with ruminal cannulas (averaged BW = 807 ± 93.9 kg) were used to evaluate the effects of adding commercial FE (Econase XT; AB Vista, Marlborough, UK) to a finishing diet on ruminal pH and fermentation, in situ ruminal disappearance, and total tract digestibility of nutrients. Heifers were housed in individual tie-stalls on rubber mattresses and bedded with wood shavings. A total mixed ration (TMR) was prepared and offered twice daily (morning and afternoon). Heifers were exercised daily in an outdoor pen for 1 h and had water freely available throughout the experiment. Before starting the experiment, heifers were adapted to a high-grain diet by gradually increasing the proportion of concentrate (40 to 90%, DM basis) over a 4-wk period. During the adaptation period, heifers were fed diets for 7 d and the average ad libitum intake for each animal was determined. Heifers were then offered 90% of ad libitum daily during the last 14 d of each period. Intake was restricted to avoid any confounding effect of increased energy intake with increased feed consumption.
Experiment 1 was designed as a replicated 4 × 4 Latin square design with 8 periods. Heifers were randomly assigned to 1 of 4 treatments: 1) control (CON; 10% barley silage and 90% barley grain-based concentrate; Table 1) , 2) CON diet substituting 30% wheat DDGS for barley grain (WDG), 3) WDG diet supplemented with low FE (WDGL; 1 mL Econase XT/kg diet DM), and 4) WDG diet supplemented with high FE (WDGH; 2 mL Econase XT/kg diet DM). The enzyme application rates used in this study were within the range recommended by the manufacturer. The diets were prepared daily before the morning feeding using a feed mixer (Data Ranger; American Calan Inc., Northwood, NH). The FE was top-dressed by diluting to 50 mL with water and mixing with wheat DDGS (200 g) as the carrier. In addition, the same amount of wheat DDGS mixed with 50 mL distilled water (without FE) was added to CON and WDG diets. The FE tested (i.e., Econase XT) was a product from a strain of Trichoderma reesei. Endoglucanase and xylanase activities of FE used in this study were 30 and 969 μmol·min -1 ·mL -1 of enzyme product, respectively. Enzymatic activities (endoglucanase [Enzyme Commission {EC} 3.2.1.4] and xylanase [EC 3.2.1.8]) were determined at pH 6.0 and 39°C using medium-viscosity carboxymethyl cellulose and oat spelt xylan (both obtained from Sigma Chemicals, St. Louis, MO) according to the procedures described by Colombatto and Beauchemin (2003) . The TMR and barley silage were sampled weekly to determine DM contents in the oven by drying for 48 h at 55°C, and the amount of FE topdressed and diet composition were adjusted accordingly.
Each experimental period consisted of 14 d of adaptation to the new diets and 7 d of experimental measurements. The adaptation phase within each period consisted of 3 steps, in which the concentrate (barley grain and wheat DDGS) was increased or decreased by 10% every 2 d depending on the target diet. Body weight of heifers was recorded before the morning feeding at the beginning of the first period and at the end of each subsequent period. Feed offered and refusals (if there were any left) were recorded daily for each heifer. Samples of barley silage and TMR were collected weekly and composited by period. Samples of barley grain and wheat DDGS were collected once for each period. Refusals were collected on the last 7 consecutive days of each period. These samples were oven-dried at 55°C for 48 h and ground through a 1-mm screen using a Wiley mill (standard model 4; Arthur Thomas Co., Philadelphia, PA) and stored for subsequent chemical analyses.
Digestibility in the total digestive tract was measured using Yb (YbCl 3 •6H 2 O) as an external marker. Digesta marker (1 g/d Yb) was mixed with rolled barley grain (100 g) as a carrier and top-dressed onto feed daily starting at d 7 of each period. Feces were collected from the rectum over a 5-d period from d 17 to 21 with 3 samplings per day (at -1, 3, 5, and 7 h after the morning feeding) and pooled by heifer within period. Feces were oven-dried to a constant weight at 55°C, ground as described above, and stored for analysis of nutrients and Yb.
Ruminal contents were sampled at 3, 5, and 7 h after the morning feeding on d 19 and 20. Approximately 750 g of ruminal contents was collected from 4 different sites within rumen, squeezed through nylon mesh (pore size 355 μm; PECAP; B & SH Thompson, Ville MontRoyal, QC, Canada), and measured for pH. Subsamples (5 mL) of filtrate were preserved with 1 mL of 25% (wt/ vol) HPO 3 and 1 mL of 1% H 2 SO 4 for determining VFA and ammonia-N (NH 3 -N) concentrations, respectively. The samples were stored frozen at -20°C until analyzed.
In situ ruminal digestibility of wheat DDGS and barley silage were measured on d 17 to 19 of each period during the first 4 periods. Fresh barley silage samples were processed twice with a Knifetec 1095 sample mill (Foss Tecator, Hoganas, Sweden) for 15 s. Econase XT was added to the samples using a hand sprayer after diluting the appropriate volume of FE to 15 mL distilled water to achieve the dose of 0, 1, or 2 mL/kg of DM substrate and thoroughly mixed by hand. Approximately 5 g DM of each sample was weighed into bags (10 by 20 cm) made of monofilament PECAP polyester (pore size 51 ± 2 μm; B & SH Thompson, Ville Mont-Royal, QC, Canada) and sealed the day before the incubation, allowing the enzyme-substrate mixture to stand at room temperature for approximately 20 h. The samples without FE were incubated in heifers fed CON and WDG, whereas the low and high dose of FE treated samples were incubated in heifers fed WDGL and WDGH, respectively. A polyester mesh bag (20 by 30 cm) anchored to the rumen cannula by a 90-cm length of rope was used to hold the bags in the rumen. Duplicate bags for each incubation time and each feed were placed in the rumen of each heifer for 12, 24, and 48 h. Upon removal, bags were immediately washed under running cold water until the effluent was clear and oven-dried at 55°C for 48 h for determining DM disappearance. Residues were ground through a 1-mm screen and analyzed for NDF disappearance.
Feedlot Growth Performance (Experiment 2)
A finishing trial using 160 crossbred yearling steers (initial BW 495 ± 37.9 kg) was conducted to evaluate the effect of adding Econase XT to diets on growth performance and carcass traits. Steers were blocked by BW and then randomized into 16 pens (10 steers per pen). Pens were randomly assigned to 1 of the 4 treatments used in Exp. 1. The FE was sprayed onto wheat DDGS before mixing into the TMR. The mixture of FE and wheat DDGS was prepared every 3 d by diluting with water (1:4 vol/vol) and sprayed at a rate of 5 L Econase XT/100 kg wheat DDGS in 5 min while being mixed in a feed mixer (Data Ranger; American Calan Inc.). The TMR was prepared daily and offered once per day between 0800 and 0900 h in an amount that permitted 5 to 10% refusals in each feed bunk. Steers were adapted to the experimental diets by gradually increasing the proportion of grain in the diet over a period of 4 wk before a 120-d feeding period.
The steers were weighed on 2 consecutive days at the start and the end of the trial and for a single day every 28 d to monitor the growth performance during the remainder of the trial. Intake of DM, ADG, and G:F was determined within each weigh period and for the total trial. Diets, refusals, and feed ingredients were sampled weekly and analyzed for DM by oven drying at 55°C for 48 h. Diets were adjusted weekly if the DM content of barley silage deviated more than 3% from average. Weekly samples were composited by period (28 d) and stored at -20°C. A 1-kg subsample from each diet composite was ground through a 1-mm screen as described above for chemical analysis. The net energy of each diet was calculated from estimates of energy gain (EG; Mcal/d) based on DMI and growth performance (Zinn et al., 2002; Gibb et al., 2008) (Zinn and Shen, 1998) .
All steers were slaughtered commercially at the end of the finishing period. Hot carcass weights (with kidneys removed), dressing percentage, back fat thickness, LM area, salable meat yield, and quality grade were determined by qualified graders as described by . Dressing percentages were calculated individually as (HCW divided by final BW) × 100. Marbling score was estimated according to pictorial standards from 1 (devoid) to 10 (abundant marbling). Salable meat yield was estimated with consideration for the length, width, and fat cover of the rib eye muscle between the 11th and 12th rib, as estimated by lean yield = 57.96 -0.027 × (carcass) + 0.202 × (LM area) -0.703 × (back fat thickness). Liver abscesses were ranked based on severity (Brown et al., 1975 ) using a scale from 0 (no abscesses) to 3 (more than four small abscesses or at least one abscess greater than 2.5 cm in diameter).
Chemical Analysis
Chemical analyses were performed on each sample in duplicate, and analysis was repeated when the CV was >5%. Analytical DM was analyzed by drying samples at 135°C for 2 h followed by hot weighing (AOAC, 2005; method 930.15). The OM was determined by the difference between 100 and percentage ash (550°C for 5 h; AOAC, 2005; method 942.05). The NDF was determined as described by Van Soest et al. (1991) using heatstable α-amylase and sodium sulfite. The ADF was determined according to the AOAC International (AOAC, 2005; method 973.18). The NDF and ADF values are expressed inclusive of residual ash. For the measurement of starch and CP (N × 6.25; AOAC, 2005; method 990.03), samples were ground to a fine powder using a ball mill (Mixer Mill MM 2000; Retsch, Haan, Germany) . Starch was determined by enzymatic hydrolysis of α-linked glucose polymers as described by Rode et al. (1999) . Total N was determined by flash combustion and thermal conductivity detection (model 1500; Carlo Erba Instruments, Milan, Italy). Ether extract was determined using an E-816 Extraction Unit (Büchi Labortechnik AG, Flawil, Switzerland; AOAC, 2005; method 920.39).
Concentrations of Yb in fecal samples were determined using inductively coupled plasma optical emission spectroscopy but without CaCl 2 included during sample digestion. Ruminal VFA were separated and quantified using a gas chromatograph (model 5890; Hewlett-Packard Lab, Palo Alto, CA) with a capillary column (30 m by 0.32 mm i.d.; 1-μm phase thickness; Zebron ZB-AAP; Phenomenex, Torrance, CA) and flame ionization detection; crotonic acid (trans-2-utenoic acid) was used as an internal standard. Concentration of NH 3 -N in the ruminal contents was determined as described by Rhine et al. (1998) .
Statistical Analysis
Data from Exp. 1 were analyzed using the MIXED procedures (SAS Inst. Inc. Cary, NC) for a 4 × 4 Latin square design. The mixed model included treatment (diet) as fixed effect and square, heifer within square, and period within square as random effects for in vivo data or heifer and period as random effects for in situ data. Hour within day was considered a repeated measure for variables measured over time. For the repeated measures, various covariance structures were tried with the final choice depending on low values for the Akaike information criterion.
Data from Exp. 2 were also analyzed using the MIXED procedure (SAS Inst. Inc. Cary, NC). Days on feed (weigh period), treatment (diet), and their interaction were considered as fixed effects, and pen was used as the experimental unit for DMI, ADG, G:F, and carcass characteristics. Contrasts were generated to compare the CON and WDG (without FE). The effect of increasing FE in the diet containing wheat DDGS was examined through linear and quadratic orthogonal contrasts. A χ 2 analysis was used to analyze for differences in quality grade and liver scores among steers fed different diets. Least squares means were presented in the text and statistical significance was declared at P ≤ 0.05 with trends discussed at 0.05 ≤ P ≤ 0.10.
RESULTS

Intake and Digestibility (Experiment 1)
Intake of DM was not different between CON and WDG as intake was restricted to 90% of ad libitum, but intakes of CP, NDF, and ADF were greater (P < 0.01) and starch was less (P < 0.01) for heifers fed WDG than those fed CON ( Table 2) . Addition of FE did not alter DMI or intake of other nutrients. Total tract digestibility of DM (P = 0.01) and starch (P < 0.01) in heifers fed CON was greater than but that of CP (P < 0.01) was less for heifers fed WDG. Increasing FE in wheat DDGSbased diets did not affect overall nutrient digestibility except it linearly (P < 0.01) increased starch digestibility. Digestibility of CP was also greater (P < 0.05) in heifers fed WDGL than heifers fed WDG.
Ruminal pH and Fermentation (Experiment 1)
There was no difference in mean ruminal pH among the treatments (Table 3) . However, the ruminal pH in heifers fed WDG or WDGL at 5 h after feeding and WDGL at 7 h after feeding was greater (P < 0.05) than that in heifers fed CON (Fig. 1) . There was no difference between CON and WDG in total ruminal VFA concentration. Similarly, there were no differences in molar proportions of individual VFA or the acetate to propionate ratio between CON and WDG except for valerate, which was greater (P = 0.01) for WDG. Concentration of NH 3 -N in heifers fed WDG was greater (P = 0.03) than that in heifers fed CON. Increasing FE in diets containing wheat DDGS did not affect total VFA or molar proportions of individual VFA but linearly (P < 0.01) and quadratically (P = 0.03) decreased the concentration of NH 3 -N.
In Situ Ruminal Disappearance (Experiment 1)
In situ ruminal DM disappearance of wheat DDGS after 12, 24, or 48 h of incubation did not differ between CON and WDG (Table 4) . However, in situ ruminal NDF disappearance in heifers fed WDG was greater (P = 0.02) than that in heifers fed CON after 24 h of incubation. Increasing FE linearly increased in situ ruminal DM (P < 0.01) and NDF (P = 0.02) disappearances after 48 h of incubation.
For barley silage, in situ ruminal DM disappearance in heifers fed WDG was greater (P < 0.01) than that in heifers fed CON after 12 or 24 h of incubation. Similarly, the 12-h and 24-h in situ ruminal NDF disappearances in heifers fed WDG tended (P = 0.07) to be and were greater (P = 0.01), respectively, than that in heifers fed CON.
Feed Intake, Growth Performance, and Carcass Characteristics (Experiment 2)
Steers fed WDG had no difference in DMI but less (P < 0.01) starch intake and greater (P < 0.01) CP and NDF intakes compared with steers fed CON (Table 5 ). There was an interaction between diets and feeding period (P < 0.01); greater (P < 0.05) DMI was observed in steers fed WDG compared with those fed CON in the first 4 wk of the feeding period (Fig. 2) . The drop of DMI by steers fed WDG diets at wk 9 was likely resulted from a switch of new batch of wheat DDGS. Increasing FE application in wheat DDGS-based diets did not affect intakes of DM and other nutrients. Final BW, ADG, and dietary NEg value were not affected by the treatments. However, steers fed WDG had less (P = 0.01) G:F than those fed CON, and increasing FE application in wheat DDGS-based diets tended (P = 0.09) to linearly improve G:F.
There were no differences in carcass traits among treatments (Table 6 ). However, steers fed WDG had greater (P = 0.01) percentage of total abscessed and severely abscessed 2 CON = control (consisted of 10% barley silage and 90% barley grain-based concentrate); WDG = CON diet substituting 30% wheat DDGS for barley grain; WDGL = WDG diet supplemented with low FE (1 mL/kg diet DM); WDGH = WDG diet supplemented with high FE (2 mL/kg diet DM).
3 CON vs. WDG is the control vs. WDG diet without FE; FE is the effect of applying FE in WDG diets. Linearis the linear effect of FE in WDG diets (0, 1, and 2 mL of FE/kg diet DM); quadratic effects of FE in WDG diets were not significant (P > 0.05) for the variables measured.
livers than steers fed CON. Adding FE in wheat DDGSbased diets decreased the percentage of both total abscessed (P = 0.03) and severely abscessed (P < 0.01) livers.
DISCUSSION
Substitution of Wheat Dried Distillers Grains with Solubles for Barley Grain
In Situ and in Vivo Digestion (Experiment 1). The DMI was expected to not differ among treatments as a result of intake being restricted to 90% of ad libitum. Greater CP and NDF and less starch content of wheat DDGS compared with barley grain resulted in changes in dietary composition (CP, +9 percentage units; NDF, +3 percentage units; starch, -17 percentage units) with partial substitution of wheat DDGS for barley grain in the finishing diet. Consequently, increased intakes of CP, NDF, and ADF and decreased starch intake in diets where barley grain was replaced with wheat DDGS were expected.
The observed reduction in total DM digestibility as a result of replacing barley grain with wheat DDGS was consistent with previous findings (Gibb et al., 2008; Li et al., 2011) . The lowered DM digestibility in heifers fed WDG appeared to primarily result from a decrease in digestible starch intake (-1.7 kg/d), while the increase in digestible CP intake (+0.9 kg/d) offset a reduction in DM digestibility. In addition, in situ ruminal DM disappearance of wheat DDGS and barley silage, both of which are low in starch, did not differ between CON and WDG, further suggesting that differences in starch digestion was the primary factor responsible for the difference in the total DM digestibility between diets. The improved total CP digestibility in heifers fed WDG may have resulted from the greater ruminal CP degradability of wheat DDGS (Nuez Ortín and Yu, 2009) compared to that of rolled barley grain (Yang et al., 1997) . The increased total CP digestibility and decreased starch digestibility due to wheat DDGS inclusion agreed with the report of Li et al. (2011) . The negative impact on starch digestibility in corn DDGS-fed cattle (81 to 85%) compared with that in non-DDGS-fed cattle (90%) has also been reported (Salim et al., 2012) . The adverse impact on starch digestion with DDGS inclusion in finishing di- a,b Within a row, means without a common superscript differ (P < 0.05).
1 The FE product was supplied by AB Vista (Marlborough, UK). 2 CON = control (consisted of 10% barley silage and 90% barley grain-based concentrate); WDG = CON diet substituting 30% wheat DDGS for barley grain; WDGL = WDG diet supplemented with low FE (1 mL/kg diet DM); WDGH = WDG diet supplemented with high FE (2 mL/kg diet DM).
3 CON vs. WDG is the control vs. WDG diet without FE; FE is the effect of applying FE in WDG diets. Linear is the linear effect of applying FE in WDG diets (0, 1, and 2 mL of FE/kg diet DM); quadratic effects of applying FE in WDG diets were not significant (P > 0.05) for the variables measured except ammonia-N (P = 0.03). Figure 1 . Effect of adding a fibrolytic enzyme (FE) to finishing diets containing wheat dried distillers grains with solubles (DDGS) on ruminal pH (n = 8; Exp. 1). CON = control (diet consisted of 10% barley silage and 90% barley grain-based concentrate); WDG = CON diet substituting 30% wheat DDGS for barley grain; WDGL = WDG diet supplemented with low FE (1 mL/kg diet DM); WDGH = WDG diet supplemented with high FE (2 mL/kg diet DM); * indicates a difference (P < 0.05) between WDG/WDGL and CON at 5 h after the morning feeding, WDGL and CON at 7 h after the morning feeding. Treatment × time, P = 0.68 and SEM = 0.104. ets is not clear, even though this substitution resulted in a decrease in the starch content of the diets.
The lack of increase in NDF and ADF digestibility in the total digestive tract with the replacement of wheat DDGS contrasted to previous studies by Li et al. (2011) and Walter et al. (2012) where NDF and ADF digestibility increased as wheat DDGS replaced barley grain in finishing diets. Although fiber from wheat DDGS is considered to be highly digestible (Nuez Ortín and Yu, 2009 ), heifers were fed at 90% of ad libitum in the present study, which may have increased the retention of feed in the rumen, favorably impacting fiber digestion (Smuts et al., 1995) .
Feedlot Growth Performance (Experiment 2). The effect of wheat DDGS on DMI in growing cattle has not been consistent (Gibb et al., 2008; Walter et al., 2010; Yang et al., 2012) , varying with the inclusion rate of DDGS (Walter et al., 2010) and the ratio of concentrate to forage . Increased DMI was suggested to be a compensatory response to the decreased DM digestibility associated with increasing wheat DDGS in the diet (Gibb et al., 2008) .
Several studies (Beliveau and McKinnon, 2008; Gibb et al., 2008; Walter et al., 2010) reported no effects on ADG or G:F of finishing steers fed diets where barley grain was partially replaced by wheat DDGS. In addition, a numerical reduction of G:F for finishing beef cattle was reported by Yang et al. (2012) when barley grain or silage was partially replaced by wheat DDGS. In the present study, the decline in G:F and the numerical reduction of NEg in steers fed WDG aligns with the observed reduction in total tract DM digestibility. The steers fed WDG were also being overfed CP (NRC, 1996) ; consequently, the increased energetic costs associated with N excretion could have also contributed to the decline in G:F.
Responses of carcass characteristics to wheat DDGS inclusion in finishing diets varies among studies, but in general impacts have been minimal (Walter et al., 2010; Yang et al., 2012) . However, as with a previous report , inclusion of wheat DDGS did increase the incidence of liver abscesses. Increased liver abscesses have been linked to the reduction in ruminal pH that occurs as wheat DDGS replaces silage in the diet .
Enzyme Application to Diets Containing Wheat Dried Distillers Grains with Solubles In Situ and In Vivo Digestion (Experiment 1).
Recently, we performed a series of in vitro batch culture Table 4 . Effect of wheat dried distillers grains with solubles (DDGS) inclusion and fibrolytic enzyme 1 (FE) supplementation on in situ ruminal digestibility of DM and NDF of wheat DDGS and barley silage in beef cattle fed finishing diet (n = 8; Exp. 1) a-c Within a row, means without a common superscript differ (P < 0.05).
1 The FE product was supplied by AB Vista (Marlborough, UK).
2 CON = control (consisted of 10% barley silage and 90% barley grain-based concentrate); WDG = CON diet substituting 30% wheat DDGS for barley grain; WDGL = WDG diet supplemented with low FE (1 mL/kg diet DM); WDGH = WDG diet supplemented with high FE (2 mL/kg diet DM).
3 CON vs. WDG is the control vs. WDG diet without FE; FE is the effect of applying FE in WDG diets. Linear is the linear effect of applying FE in WDG diets (0, 1, and 2 mL of FE/kg diet DM); quadratic effects of applying FE in WDG diets were not significant (P > 0.05) for the variables measured. 4 In situ disappearance after 12, 24, or 48 h of incubation in the rumen.
experiments (He et al., 2013) with wheat DDGS and found that increasing FE (1, 2, 4, and 8 μL/g) linearly increased degradability of DM, NDF, ADF, and CP. This in vitro study suggested that FE containing xylanase and cellulase activities may play a positive role in fiber degradation of wheat DDGS in feedlot cattle diets. Therefore, the lack of increase in the digestibility of DM and fiber with FE application in wheat DDGSbased finishing diets was somewhat unexpected. In the present study, increasing FE linearly increased in situ ruminal NDF disappearance of wheat DDGS after 48 h of incubation but did not affect the NDF disappearance of wheat DDGS after 24 h of incubation. Because feeds with a small particle size are believed to pass out of the rumen rapidly (Beauchemin and Yang, 2005) , the ruminal retention time of wheat DDGS would be less than that of forage (e.g., alfalfa hay), which has been estimated at approximately 30 h (Haugen et al., 2006) . Therefore, FE may have limited time to increase the fiber digestion in the rumen. Additionally, it should be noted that the responses of feed digestibility to FE may vary whether the FE was added in a small portion of diet as was the case with feeds incubated in situ or in the whole diet as measured in vivo. Bowman et al. (2002) reported that enzymes were more effective when added to rolled grain, which made up 45% of the diet, compared with if they were added to a premix, which made up 0.2% of the diet. Moreover, the lack of FE effects on in situ ruminal DM and NDF digestion of barley silage was consistent with report of Holtshausen et al. (2011) . Furthermore, although adding FE in wheat DDGS-based diets did not alter in vivo DM digestibility, the similar DM digestibility between WDGL/WDGH and CON suggested a potential improvement of DM digestibility due to FE. The linear increase in starch digestibility and numerical increase in CP digestibility with additions of FE in wheat DDGS-based diets suggested that the FE targeted starch and CP digestion in the digestive tract of cattle rather than fiber digestion. Beauchemin et al. (1999) reported a 5.6% increase in total tract starch digestibility of dairy cows when fed a FE that contained primarily cellulase and xylanase activities and minor 2 CON = control (consisted of 10% barley silage and 90% barley grain-based concentrate); WDG = CON diet substituting 30% wheat DDGS for barley grain; WDGL = WDG diet supplemented with low FE (1 mL/kg diet DM); WDGH = WDG diet supplemented with high FE (2 mL/kg diet DM).
3 CON vs. WDG is the control vs. WDG diet without FE; FE is the effect of applying FE in WDG diets. Linear is the linear effect of applying FE in WDG diets (0, 1, and 2 mL of FE/kg diet DM); quadratic effects of applying FE in WDG diets were not significant (P > 0.05) for the variables measured. 4 Calculated from growth performance (NRC, 1996; Zinn et al., 2002; Gibb et al., 2008) . Figure 2 . Effect of adding a fibrolytic enzyme (FE) to finishing diets containing wheat dried distillers grains with solubles (DDGS) on DMI (n = 4, Exp. 2). CON = control (diet consisted of 10% barley silage and 90% barley grain-based concentrate); WDG = CON diet substituting 30% wheat DDGS for barley grain; WDGL = WDG diet supplemented with low FE (1 mL/kg diet DM); WDGH = WDG diet supplemented with high FE (2 mL/kg diet DM); * indicates a difference (P < 0.05) between CON and WDG at period 1; Treatment × time, P < 0.001 and SEM = 0.397. pectinase activity. Vera et al. (2012) reported an increase in in vitro NDF digestibility from 58.4 to 61.3% with an exogenous proteolytic enzyme when 30% concentrate was replaced by corn DDGS in finishing diets. These responses reported above with exogenous enzymes may be explained by diverse activities within enzyme preparations. We speculate that the present FE, which improved starch digestibility, may contain amylase activity.
The responses of ruminal fermentation to FE of ruminant diets have been quite variable. Our current lack of a FE effect on VFA concentration is in agreement with previous studies (Sutton et al., 2003; Eun and Beauchemin, 2005) . The lack of FE effects on the total and individual ruminal VFA concentrations, together with no changes in total tract digestibility, suggests that the ruminal fiber digestibility was not affected by FE. However, the linearly decreased NH 3 -N concentration due to added FE in wheat DDGS-based diets may reflect altered protein degradability in the rumen and/or altered microbial protein synthesis.
Feedlot Growth Performance (Experiment 2). Animal responses to xylanase and cellulase FE are expected when fiber digestion is compromised . Therefore, in the present study, the lack of whole animal growth responses to FE application in finishing wheat DDGS diets may be partially explained by the absence of changes in NDF digestibility. Additionally, as starch is primary energy source in high-grain diets and wheat DDGS containing high protein is primarily used as energy source, the positive effects of FE on digestibility of starch and CP would explain the trend of improved G:F in steers fed diets containing wheat DDGS.
Research on the effects of adding feed enzymes on carcass characteristics has been limited. Indirect effects on carcass traits would be expected if commercial enzyme preparations affected diet digestibility and growth rate of cattle . In the present study, effects of FE on DMI and digestibility were minimal; therefore, a lack of FE effect on carcass traits was expected. However, an interesting finding from this study was that application of FE in wheat DDGS-based finishing diets decreased the incidence of abscessed and severely abscessed livers. Prevalence of liver abscesses, associated with high-grain diets (Nagaraja and Chengappa, 1998) , is common in intensively fed beef cattle in North America. Because ruminal acidosis can be associated with liver abscesses (Kleen et al., 2003) , supplementing FE may have alleviated ruminal acidosis of feedlot cattle fed high-grain diets.
In conclusion, this study showed that replacing 30% barley grain with wheat DDGS did not alter ruminal fermentation, ADG, or carcass traits but decreased DM digestibility in the total digestive tract, reduced feed efficiency, and increased the incidence of liver abscesses. Addition of FE to barley grain and wheat DDGS-based diets improved in situ ruminal DM and NDF digestion of wheat DDGS after 48 h of incubation, increased total a-c Within a row, means without a common superscript differ (P < 0.05).
3 CON vs. WDG is the control vs. WDG diet without FE; FE is the effect of applying FE in WDG diets. Linear is the linear effect of applying FE in WDG diets (0, 1, and 2 mL of FE/kg diet DM); quadratic effects of applying FE in WDG diets were not significant (P > 0.05) for the variables measured.
4 Dressing percentages were calculated individually as HCW divided by final BW × 100.
5 Marbling score was estimated according to pictorial standards from 1 (devoid) to 10 (abundant marbling; USDA, 1989).
6 Scores: 1 = Canada grade A (approximately equivalent to USDA Standard); 2 = AA (approximately equivalent to USDA Select); and 3 = AAA (approximately equivalent to USDA Choice).
7 From χ 2 analysis.
tract starch digestibility, and decreased the incidence of liver abscesses. However, application of FE had no effect on the growth performance of feedlot steers. These results demonstrated adverse effects of including wheat DDGS in finishing diets on feed digestion, feed efficiency, and animal health, whereas these adverse outcomes could be potentially improved with FE application.
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